Photosynthetic carbon fixation is regulated in the chloroplast by the amount of ribulose 1,5-bisphosphate carboxylase which is activated. The activated carboxylase was preserved in detached leaves (barley, maize, soybean, spinach, wheat) for 90 min when stored on ice. With leaf extracts stored at 2°C, the amount of activated enzyme, representing that originally in the leaf, as weUl as the fully activated enzyme, formed by incubation of leaf extracts with Mg2 and bicarbonate, both slowly declined in activity. However, for each activity this decline was proportional such that the ratio RuBP3 carboxylase catalyzes the reaction between CO2 and RuBP. In wheat seedlings, the degree of activation of the enzyme was recently demonstrated to be a major factor controlling photosynthetic carbon fixation (10). Briefly, activation of the carboxylase is thought to involve slow addition of an activator CO2 to the enzyme (distinct from the CO2 that is fixed) followed by rapid addition of Mg2+ (5). These additions result in catalytically active enzyme by the following mechanism:
ribulose bisphosphate carboxylase vary depending on the plant.
3-Phosphonoproprionate, a positive effector of the purified ribulose bisphosphate carboxylase and a metabolically inert analog of 2-phosphoglycolate, was used to examine what metabolic effectors might do to enzyme activation during leaf homogenization and preparation of the extract at 20 C. Activation under these conditions was not altered by 3-phosphonoproprionate. When 3-phosphonoproprionate was brushed on attached leaves or taken up by the transpiration stream of detached leaves, a considerable increase in activation of the carboxylase was measured.
RuBP3 carboxylase catalyzes the reaction between CO2 and RuBP. In wheat seedlings, the degree of activation of the enzyme was recently demonstrated to be a major factor controlling photosynthetic carbon fixation (10) . Briefly, activation of the carboxylase is thought to involve slow addition of an activator CO2 to the enzyme (distinct from the CO2 that is fixed) followed by rapid addition of Mg2+ (5) . These additions result in catalytically active enzyme by the following mechanism: E(inactive) + CO2 SUW E-CO2 + Mg2+ " E-CO2-Mg2+(active) For a recent review see Lorimer (6) .
When inactive enzyme is incubated at the proper pH in the presence of saturating CO2 and Mg2+, full activation is achieved (7, 8 (Fig. 1B) . The endog- At time zero, leaves from 2-wk-old wheat seedlings were harvested and homogenized as described. The filtrate was stored on ice until assayed at the time indicated. Flag leaves were from greenhouse grown plants. b Seedlings were grown in a growth chamber.
enous RuBP which was released from the chloroplasts was consumed during this period indicating that the enzyme was still catalytically active even at ice temperatures. When samples of the total activity assay were acidified after 10 min at 25°C, prior to addition of RuBP to the assay, some 14C had already been incorporated. This fixed 14C was 1 to 2% of the 14C incorporated during the usual 30 s assay of total activity. When RuBP and NaH' C03 were supplied to crude wheat extracts at ice temperatures in assay media, "C was incorporated into acid stable counts albeit at a very low rate (Table I) . The rates at 20C were linear for 45 min and were proportional to the degree of activation of the enzyme measured at 25°C. (Table II) . The observed increases were probably due to the slow conversion of the E form of the enzyme to the E-CO2 and then the E-CO2-Mg2+ form during storage on ice. When the tissue was ground in the presence of Mg2 and stored under N2 to reduce CO2 availability, percent activation increased slightly. Following storage for 30 min at 25°C with 10 mM CO2, over 20%7o of the total carboxylase activity was lost while percent activation changed slightly suggesting that both active and inactive (but still capable of being activated) enzyme was being lost at about the same rate. These observations suggest that because slow changes in both initial and total activities can occur even at ice temperatures (Fig. 1) , it is not advisable to store leaf tissue extracts beyond the time needed to measure CO2 fixation activity.
Preservation of RuBP Carboxylase Activity in Whole Leaves. Activation of the carboxylase could be preserved for up to 90 min when detached leaves were stored on ice. In wheat, no changes in initial or total activity were observed during storage under these conditions. With spinach leaves, although percent activation did not change (Fig. 2) , initial and total activity each declined about 25% following 2.5 h storage on ice (data not shown). The preservation of activation reflects the maintenance by low temperature of enzyme form (E, E-CO2 and E-CO2-Mg2+). As discussed above, once the leaves were homogenized, depending on conditions, the initial and total activities began to change slowly. Thus for best preservation of carboxylase activation, detached leaves usually should be ground just prior to assay of percent activation of the enzyme. As stability of carboxylase activation in the leaf can vary somewhat between plant species, the optimal conditions unique to each tissue must be determined in advance. Changes in RuBP Carboxylase Activity during Homogenization of Leaf Tissue. The possibility that during homogenization potential effectors of enzyme activity came in contact with the enzyme and thereby influenced activation was investigated. PPA3 is an isosteric analog of 2-phosphoglycolate and can act as a positive effector of RuBP carboxylase activity (3) (Table III , Experiment I). In crude leaf extracts, PPA is not hydrolyzed to release Pi as is P-glycolate (3) because of the substitution of a C-P bond for the usual C-O-P phosphate ester linkage (2) . Other effectors of RuBP carboxylase, such as 6-P-gluconate or NADPH (4), would be metabolized if added to a crude leaf extract so that effects on activation of the carboxylase could be variable. When supplied via the transpiration stream of detached leaves or when brushed on attached leaves, PPA apparently reached the chloroplast as activation of the RuBP carboxylase occurred. When 50 mm PPA was fed to detached spinach leaves in light for 2 h the initial carboxylase activity increased to approach that of the total (Table  III 7.7 was chosen for both initial and total activity assays and for the grinding buffer.
Mg concentration was also optimized for activation and assay of the enzyme. For wheat carboxylase the optimum was 30 mM. Enzyme from spinach, soybean, and maize responded similarly with optima at 30, 30, and 40 mm respectively. Because the binding of Mg + with the E-CO2 form of the enzyme is a fast process (7) measurement of initial activity will indicate the two forms that existed in vivo, E-CO2-Mg2' and E-CO2, which was rapidly converted to E-CO2-Mg2+ in the reaction mixture. When initial activity assays were performed in the absence of added Mg2' a lower rate was observed (data not shown). It is doubtful that measurements without Mg2' represent only the E-CO-Mg2+ form of the enzyme in vivo since bound Mg2+ may be released in the absence of added Mg2+.
The length of time necessary to completely activate the enzyme, as represented by the highest rates for total activity, is an important consideration. With crude preparations from wheat, spinach, maize and barley full activation was reached in 3 to 10 min at 25°C (Fig. 3 ) and the enzyme remained activated for at least 12 to 20 min. Soybean carboxylase was an exception. Full activation was reached at 1 min and began to decline after 5 min, losing up to 20%o of its peak activity shortly thereafter. This relatively short period of full activation of the soybean RuBP carboxylase probably reflected high levels of phenolic compounds acting to denature the enzyme rather than affecting activation per se.
CONCLUSIONS
The in vivo percent activation of the RuBP carboxylase can be effectively preserved for several hours if intact wheat leaves are stored on ice, although initial and total activities declined slowly with spinach leaves. RuBP carboxylase should be assayed as soon as possible following homogenization of the leaves. Assay criteria need to be optimized for each species examined. These include pH and Mg2+ concentration of the assay media as well as the time necessary for full activation of the enzyme. Proper measurement of the activation of the RuBP carboxylase may lead to better understanding of the role of activation in regulating photosynthesis.
